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Abstract 
The current trend to use natural preservatives in food industry had led to the use of essential oils which are natural compounds 
already known for their antimicrobial and antioxidant activity. 
The aim of this study is to investigate the in vitro antifungal activity of rosemary essential oil and of some terpenes like eugenol, 
nerol, limonene (+), limonene (-) and pinene against three strains of Aspergillus species.  
The method used to evaluate the in vitro antifungal activity of the essential oils and terpenes tested is disk diffusion method. A 
suspension of the tested filamentous fungi was spread on the agar surface and 6 mm diameter sterile filter paper disks were 
impregnated with the essential oils and placed in the middle of the inoculated agar plates. Control samples were realized using 
the same procedure but without using essential oils. The samples were incubated at 25°C under aerobic conditions for 7 days. 
Antifungal activity was evaluated by measuring the inhibition zone against the tested fungi and by determining the minimum 
inhibitory concentration (MIC) and minimum fungicidal concentration (MFC). 
The results showed the effectiveness of eugenol and nerol as antifungal compounds, these ones having the highest inhibitory 
effect against the tested strains of Aspergillus. Essential oils can be an alternative to synthetic antimicrobial compounds for 
controlling food spoilage and for assuring microbiological safety of products. 
 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The consumers concern regarding the fungal and aflatoxin contamination which cause qualitative and quantitative 
losses, spoilage of food products and affects their shelf life lead to the use of naturally antimicrobial compounds. A 
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the University of Agronomic Sciences and Veterinary Medicine Bucharest
586   Adriana Laura Mihai and Mona Elena Popa /  Agriculture and Agricultural Science Procedia  6 ( 2015 )  585 – 592 
significant attention was given to the mold species belonging to the genus Aspergillus which have the capacity to 
produce mycotoxins, carcinogenic products that affect different human systems. 
Lately, essential oils (EOs) of aromatic plants gained interest of researchers due to their potential to prevent the 
development and spread of spoilage microorganisms in food products. Many essential oils which are aromatic 
liquids obtained from plant material are recognized as safe products (GRAS) and are an alternative to preservatives 
(Prakash et al., 2012). Obtained as secondary metabolites, essential oils are a mixture of different major and minor 
components, but the main compounds are terpenoids and terpenes (cyclic hydrocarbons). The antimicrobial activity 
of essential oils depends on the combination and proportions of different compounds found in their composition. 
Monoterpenes are the main constituents of essential oils, and many of them have been reported for their antifungal, 
antiaflatoxin and antioxidant activity. Studies showed that essential oils possess antifungal activity being able to 
inhibit the aflatoxin production (Kedia et. al., 2014). The antifungal activity of essential oils was studied and 
reported using different methods as there are no standard protocols to test the effect of this naturally compounds on 
fungi. 
The antimicrobial activity of terpene depends on the chemical structure. Phenolic compounds (such as eugenol) 
are more efficient than non-phenolic compounds due to the hydroxyl group, also to the presence of phenolic ring. 
The efficiency of non-phenolic compounds depends on the type of alkyl group, alkenyl being more active than alkyl 
(Ruiz and Flotats, 2014).  
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Figure 1. Chemical structure of terpenes used in experiments 
 
Rosemary essential oil (Rosmarinus officinalis L.) is used in the food industry due to the presence of terpenes and 
terpenoides in its composition which have antioxidant and antimicrobial activity. The main compounds of rosemary 
essential oil are camphor, 1,8-cineole, Į-pinene, camphene, Į-terpineol and borneol, verbenon (Szummny et al., 
2010, Nowak et al., 2012, Barreto et al., 2014). However, few studies have reported its use as an antifungal agent. 
Eugenol (C10H12O2), a monoterpene extracted as a major compound (approximately 85%) from buds and leaves 
of clove (Abbaszadeh et al., 2014) was found to be effective against fungi due to the disturbance of the cytoplasmic 
membrane. This compound started to be investigated in food industry for its antimicrobial properties. 
Limonene (C10H16) is the major component of citrus essential oils, for this reason the antimicrobial activity of 
these oils can be attributed to the essential oil or to limonene as well (Ruiz and Flotats, 2014). Limonene is a 
monoterpene which exist as two optical isomers D- and L-limonene, and the racemic mixture called dipentene. The 
chemical structure of limonene prevent it for hydrolysis. It has been demonstrated that limonene presents 
antimicrobial activity due to the alkenyl group from it structure (Singh et al., 2010). 
Nerol (C10H18O) is a monoterpene found in essential oils from spices such as neroli (Citrus aurantium), rose 
(Rosa damascena) and lavender (Lavandula dentata, Lavandula stoechas and Lavandula multifida) (Wang et al., 
2015). The antifungal activity of nerol against Aspergillus niger has been demonstrated through in vitro and in vivo 
(grapes) tests (Wang et al., 2015). 
Pinene (C10H16) is a bicyclic terpene obtained from oils from Lamiaceae family, conifers, citrus, essential oils of 
juniper, rosemary and eucalyptus (Belletti et al., 2010, Garcia et al., 2014). It has been demonstrated that pinene is 
an important bioactive compound of many essential oils (Belletti et al., 2010). 
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The objective of the study was to investigate the antifungal activity of five naturally compounds (eugenol, D- and 
L- limonene, pinene, nerol and rosemary oil) against three strains of Aspergillus sp. (A. niger, A. ochraceus and A. 
flavus) and to evaluate the minimum inhibitory concentration of eugenol and nerol against the tested fungi. 
 
2. Materials and methods 
2.1. Antimicrobial agents and reagents 
 
Rosemary essential oil (ROS), (R)-(+)-limonene, eugenol and nerol were purchased from Sigma Aldrich, and (S)-
(-)-limonene and Į-pinene were purchased from Merck. Potato dextrose agar culture medium (PDA) was purchased 
from Scharlau. 
 
2.2. Fungal strains and production of conidia 
 
Three pathogens were used in this study to evaluate the in vitro activity of monoterpenes and rosemary essential 
oil. The strains of A. niger, A. flavus and A. ochraceus were provided from the culture collection of Faculty of 
Biotechnology of USAMB Bucharest. They were grown on PDA medium plates at 25°C. Conidial suspensions were 
prepared by suspending conidia harvested from 7 to 9 day-old cultures in 10 ml of sterile distilled water. The final 
concentration was determined using a hematocytometer. All tested microorganisms had a concentration of 
106spores/ml. 
 
2.3. Antifungal assay 
 
The antifungal activity of the naturally compounds against the tested fungi was evaluated by the disk diffusion 
method. PDA medium was used in this experiment and it was obtained by sterilization in an autoclave at 121°C for 
20 minutes, then cooled at 45°C. The medium was poured into 90 mm Petri dishes and after solidifying, in each 
Petri dish was distributed with a Drigalski spatel 100 ȝl of spore suspension (containing 106spores/ml), then the 
dishes were let for 30 minutes to facilitate the incorporation of fungi in the PDA medium. 
Subsequently, filter paper disks (6 mm Ø; Whatman) were placed on the surface of Petri dishes and impregnated 
with different quantities (from 2.5 μl to 20 μl) of rosemary essential oil or terpenes. All determinations were 
performed in five replicates. The dishes were sealed with parafilm to prevent the evaporation of essential oils and 
incubated for 7 days at 25°C. The efficacy of the treatment was evaluated after 7 days of incubation by measuring 
the diameter of the inhibition zone. 
 
2.4. Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) for eugenol and nerol 
against Aspergillus strains 
 
Based on preliminary researches on the antifungal activity of the tested antimicrobial compounds, nerol and 
eugenol were chosen for determination of MIC and MFC due to their inhibitory effects against the Aspergillus 
strains. The working solutions of eugenol and nerol were obtained based on their density by adding different 
concentrations of these monoterpenes (100, 200, 300 and 500 μg/ml) to the melted PDA medium, followed by 
stirring to facilitate the dispersion of the natural compounds in the medium. 
Media was poured into Petri dishes and in the center of each Petri dish was inoculated 2 μl spore suspension of 
Aspergillus strains activated in PDA to achieve a concentration of 106 spores/ml. The control sample consisted of a 
plate with culture media without essential oils. All experiments were conducted in 5 replicates. The plates were 
incubated for 7 days at 25°C. The colony diameters of fungal species used in treatment and control samples were 
measured. The minimum inhibitory concentration (MIC) was defined as the lowest concentration inhibiting visible 
growth of the tested fungi. 
To determine the minimum fungicidal concentration (MFC) a 1 cm diameter disk of each mycelia was cut from 
the center of the dishes that did not show any visible fungal growth and inoculated in plates containing PDA. The 
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plates were incubated for 7 days at 25°C. In these terms, MFC was defined as the lowest concentration at which no 
growth was observed after subculturing into fresh media. 
2.5. Microscopy and image capture 
Morphological changes in the tested fungi resulting by the effect of naturally compounds used to investigate their 
antifungal activity were evaluated microscopically by using a light microscope. After 7 days of incubation at 25°C, 
samples were taken from the area closed to the inhibition zone and from the margins of the Petri dishes where 
microorganisms grew. Imagines were captured using an Olympus CX31 microscope. 
 
2.6. Statistical analysis 
 
Results expressed as the mean ± standard deviation and the differences between rosemary essential oil, terpenes 
used and control samples were processed using the SPSS software. All statistical analyses were tested at 0.05 level 
of probability. 
 
3. Results and discussions  
 
Antimicrobial potential of the naturally compounds used in this study was observed in terms of zone of inhibition 
generated by the diffusion of rosemary essential oil and terpenes into the inoculated agar plates with fungi strains 
and by evaluating MIC and MFC.  
 
3.1. Antifungal activity of natural antimicrobial compounds 
 
The inhibition zone increased with the increasing concentration of the tested compounds. 
The paper disk with the tested compounds produced an inhibition zone on the Petri dish surface. Around this 
zone, a clear zone is observed where the mycelium is white and a strong decrease in sporulation is noticed (fig.2). 
Beyond the white zone, the fungal development is apparently normal. 
 
 
 
 
 
 
 
 
 
 
Figure 2. Growth zones in Petri dish after natural compounds were used 
 
In figure 3 is represented the mycelial inhibition of Aspergillus flavus. As it can be seen in fig. 3, nerol had the 
highest antifungal activity, being followed by eugenol. The diameter of the inhibition zone was in direct ratio with 
the added concentration. To a concentration higher than 7.5 μl, nerol totally inhibited the growth of the A. flavus 
strain. The results showed that eugenol had an inhibitory effect on the tested strain of A. flavus. Similar results were 
obtained by Campanniello et al. (2010) who showed the efficiency of this monoterpene against phytopathogenic 
Aspergillus, Penicillium, Emericella, and Fusarium species. In a study conducted by Abbaszadeh et al. (2014) was 
shown that by incorporating of increased concentration of eugenol to the culture media resulted a progressive and 
significant reduction in growth of Cladosporium sp. and Aspergillus sp.. Eugenol showed a fungicidal effect on 
Phlyctema vagabunda and Penicillium expansum at a concentration of 100μl/l, and a fungistatic effect on Botrytis 
cinerea and Monilinia fructigena. At a higher concentration (150 μl/l) eugenol had a fungicidal effect on all tested 
fungi (Amiri et al., 2008).  
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Figure 3. Mycelial inhibition after 7 days at 25°C of the Aspergillus flavus growth on PDA medium.  
The diameter of the inhibition zone is the mean of five replicates. Vertical bars are the standard deviation of the means 
 
In the case of pinene and rosemary essential oil it was needed a higher concentration to inhibit the growth of A. 
flavus, but even at the highest concentration used (20 μl), these compounds didn’t inhibited completely the mycelial 
growth. Jiang et al. (2011) studied the antimicrobial activity of rosemary essential oil (REO), 1,8-cineole and Į-
pinene against Aspergillus niger and showed that REO had greater antifungal activity than 1,8-cineole and Į-pinene. 
It was concluded that the antifungal activity of the REO is attributed to the synergism between the compounds 
presented in this essential oil. Bomfirm et al. (2015) showed that REO inhibited the growth of Fusarium 
verticillioides with a MIC and MFC value of 150 μg/ml. 
Even though Singh et al. (2010) showed that Citrus maxima and Citrus sinensis essential oils containing DL-
limonene as the major component have antifungal activity, in our study neither limonene (+), nor limonene (-) didn’t 
inhibit the mycelial growth of the tested fungi. Singh et al. (2010) showed that limonene had better antiaflatoxigenic 
efficacy (at 250 ppm) than the essential oil of citrus tested (at 500 ppm). A corresponding decrease in mycelial 
growth was recorded with increased concentration of EOs. 
Complete inhibition of A. flavus was found at 750 ppm of both the EOs and their combination. Also, in the same 
study, DL-limonene completely inhibited the growth of A. flavus at 500 ppm.  
In figure 4 is presented the efficacy of the tested natural compounds against Aspergillus ochraceus. It can be 
noticed that nerol and eugenol were the strongest antimicrobial agents against A. ochraceus, followed by rosemary 
essential oil and pinene. The inhibition zone of A. ochraceus expanded with the increasing of antimicrobial 
concentration. Compared with A. flavus, A. ochraceus was more resistant to the natural compounds used, a higher 
concentration being needed for the inhibition of this fungus. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Mycelial inhibition after 7 days at 25°C of the Aspergillus ochraceus growth on PDA medium.  
The diameter of the inhibition zone is the mean of five replicates. Vertical bars are the standard deviation of the means 
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In figure 5 is shown the mycelial inhibition of Aspergillus niger treated with nerol and eugenol. From all the 
tested strains of Aspergillus, for the inhibition of A. niger was required a higher concentration of natural compounds 
and out of all five tested antimicrobial agents, only nerol and eugenol exhibited antifungal activity. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. Mycelial inhibition after 7 days at 25°C of the Aspergillus niger growth on PDA medium.  
The diameter of the inhibition zone is the mean of five replicates. Vertical bars are the standard deviation of the means 
 
The antifungal activity of these monoterpenes with antifungal activity was in direct ratio to the amount added to 
the tested fungi. Also, Wang et al. (2015) demonstrated that nerol has antifungal activity against A. niger. The 
mycelial growth and the spore germination of A. niger was reduced as nerol concentration increased, also the growth 
was reduced with increasing the incubation time. Percentage of growth inhibition was significantly (P<0.05) 
influenced by terpene concentration. Even if at smaller concentration of nerol the diameter of the inhibition zone was 
below the one of eugenol, at higher concentration, nerol had a better effect on the mycelial growth. 
 
3.2. Determination of minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of 
nerol and eugenol 
 
The minimum inhibitory concentration and minimum fungicidal concentration of nerol and eugenol were 
determined in order to assess their antimicrobial activity. Nerol demonstrated lower MIC (200 μg/ml) compared with 
eugenol for the tested Aspergillus flavus (table 1). 
 
Table 1. Minimum inhibitory concentration (MIC) and minimum fungicidal concentration (MFC) of nerol and eugenol against Aspergillus spp. 
Fungi Nerol Eugenol 
MIC (μg/ml) MFC (μg/ml) MIC (μg/ml) MFC (μg/ml) 
Aspergillus flavus 200 200 300 300 
Aspergillus ochraceus 300 500 300 300 
Aspergillus niger 300 300 300 500 
 
Inhibitory effects of nerol and eugenol on growth of Aspergillus sp. were determined in PDA medium at 25°C. 
The radial growth of Aspergillus sp. was totally inhibited by eugenol at 300 μg/ml. Mycelia growth was 
considerably reduced with increasing the concentration of terpenes used while their growth increased with 
incubation time. After 7 days of incubation, among the tested antimicrobial compounds the lowest MIC against the 
strain of A. flavus was established in the case of nerol (200 μg/ml) followed by eugenol (300 μg/ml). The fungicidal 
effect of nerol against A. ochraceus was obtained for a concentration of 500 μg/ml. The most resistant molds of the 
three tested were A. ochraceus and A. niger, MFC being 500 ppm.  
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3.3. Morphological changes of the tested Aspergillus strains  
 
Natural compounds used in this study created an inhibition area on the Petri dish where fungal growth was 
inhibited and a clear zone around the paper disk was formed where only a white mycelium is present. The natural 
antimicrobial agents tested leaded to some abnormalities on the structural fungal cell caused by accumulation of 
lipolytic hydrocarbons which may change the membrane structure (Ruis and Flotas, 2014). Control samples for all 
Aspergillus strains tested showed normal sporulation, filamentous hyphae, a large quantity of well-formed globular 
conidiophores grown at the end of their tips (fig. 6). 
 
(A) (B) (C) 
 
Figure 6. Microscopic aspect of Aspergillus flavus in control (A), and after exposure to eugenol (B) and nerol (C) 
 
Nerol and eugenol produced a decrease in sporulation and a lack of pigmentation was observed as well.  
Images of the samples exposed to 7.5 μl of nerol show evident damage and a characteristic inhibition of 
sporulation. Comparing with the control it could be noticed that volatile compounds caused a retard of sporulation. 
For the highest concentration of nerol and eugenol used, mycelia presented lack of sporulation, the hyphae were 
disrupted and aggregated, and the number of conidia decreased. Same results were obtained by Manso et al. (2013) 
who explained that the delayed growth of the molds is attributed to the incomplete formation of conidia, producing a 
frustrated growth, and that the damage of conidia produced an unstructured vesicle head. 
 
4. Conclusions 
 
The investigation of the antimicrobial activity of the tested natural compounds showed that only nerol and 
eugenol have antifungal effects. The results of this study indicate the high effect of nerol and eugenol on mycelial 
growth of Aspergillus strains tested. These compounds were more effective against A. flavus and A. ochraceus than 
against A. niger which was more resistant. In this case, a higher concentration of natural compounds was needed for 
inhibition. Nerol and eugenol could be used as food preservatives in some food products where A. spp. can grow and 
can spoilage the product. Further research is needed on safety issues namely, on the effect of natural antimicrobials 
on mycotoxin development. 
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